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(54) COMBINED TRELLIS DECODER AND DECISION FEEDBACK EQUALIZER 

"a 

(57) Abstract: 

i 

PURPOSE: A combined trellis decoder and a! 

decision feedback equalizer are provided to have a! 
gain of the trellis decoder, which is superior to a gain: 
produced when the data are sliced before decoding.: 
CONSTITUTION: A Viterbi decoder has 16 stages 
and produces a decoded output. A mapper(810) is' 
coupled to the decoded output of the Viterbi decoderl 
for producing a mapped output. A decision; 
feedback equalizer(850) is coupled to the mapped, 
output for having more than 16 taps. Each of the 16! 

taps receives the mapper output from a respective! 

one of the 1 6 stages of the Viterbi decoder. 
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'*> 

choes)2}- ^-^ ^W^s\ Jl>;^ (ghosting) ^, S||oljg(Rayieigh fading)^S.s^ -R-^^-^l 

^ 2B^°11 ^7}*H. 7>-^J-o.^_ ^frS] £^V. AV7].Aj tfftxH 7>-f A] o> ^i-^(additive white gausian noise) 

(" AWGN" )^ ^-§r ^-^^] =LB^^S., ol^e^-ol^-ll-^ oils <i}-:m 711- (echo cancelers)(^]l-*<:>1, 1- 

^31-71^*). r^Jl^^n^ (video deghosiers)(o^]l-i-o], c^xj^ ^ellal^<HlA^ £^ u)^]^ ?11o11- 

^^s.oj|Ai). -2.^3*4 ^a^-^-il^ ^t!- 2i^7l*(signal conditioners) ^, cfS- ^^^-^^ -S-g-S^^^i ^1 
-§-€14. 



01)51 §}i4sl ^^tb ^^€-8- 4J-S-^ ^^aCintersymbol interference) (" ISI" ISI^, ^2:€ ^^^1^ 

€2fl-2l o]X]. A]?}- A) discrete time sequence)^) eA>s.Ai a] :^s) nV^ ^-tl^ ^^^t! 

A)^ A] j^olcf. <y^>: Hefl°l( impulse train)2l 2.°^^, ^Hfls^ ^^i^l-sl ^^^Ife, *>f- Ai^((i 

ifferential signaD^^l sl«ll *sl^l7li4 ^aV^^^. °] ^S.^ ^^]% *1-H.^!])<>|oi) s^Si-^v^, °]^-& 



ZVZVO^ ^ife ^^^^O.S. A]-?lil(-o1] eA>§]-^ AlSLl- A^^^tl-t^. H ^0>0)] X>1-^, A>Ol3|.7K ^ 

2] 7-1217} *7}^H1 irl-2} ^V^^SI^ 31H1-21 ^S.^ 7}^, f^o^V 313 ^^^1 f'^^- ^^2l 3lH«-^- 

^^i^s ti-c^-fe ^-i: °]n^ ^°i4. -a-^v^i-Tfl, A>oi4- s\3.^^B\^ ^7]-«:Vfe 7is^<4 *v7)i ^^^o_s. ^^±.n 

^ 7>^ <a^sl €-(trough)l-^ ?i-fei4. ^^^^S.. oil- s^HS-o^ ^7]^ ^c^flcHs^ aas.^ sIIoIe o| 

7-l-^(order)Ao><3ll $Xt]., n£l:E.S., aI^Ix^^ 5>u|-s1 abs.^ iolHoflAio) i^i^^ ai^i^o] iolS-ofl cfl^SV^ 

4. ^^5. 5>^, i:E^iflo^ .y^ofl rfl-l-^tES. Al:^oj «.«.o. ^E^iflo^ c^s. ^-^s-ofl 

cfl-S-*>fe- ^-a^ -ilsLSl -^-S-ofl €*1-^1 ^fe 7lo^l- sl-^ :^^ol 5tici.. 



^1-21 ^•g-t!: 2. <a='§A^ (proper shaping)<Hl 2]-s^ ol^^jo.^ ;*ll7l^ ^ Xi^. 3.E^i4, ol&]^ :f S.°^^^^-8r *11^ 

sii^ofl oi*ii oi^oij^i^^i 53«>ii^. sfl^ ^^f^ofl ^fi«i-7fl 5>>m- ^-tvsiTn ^ ^o]€i; 

5-. ^iBl ^H^i ^^o] « ja.*>ni.. ^els^, tfl^^^s^ i^^l^ ISI ^ sIl^sJI^* =iEl^ *l2lS>7l 

^Sl- (equalization)* o1-§-^t:4. 



<a«V^ AS., 27fls1 El.-ai-oi =s}7> ol ^A^^^7l ^sll ol^sj^di, :^y^ ^A^(automatic synthesis) ^ ^^( 

adaptation )olc}. aJ-igs-oflA^, <5l€2l-ol>lfe ^^^AS. ■^]tt-S.^'i\ 7]^ aIJiI- sfl-^^^l ^-Sr ¥- 

sflol^ Aijg^o^ 7.]^^^ ?l-3l(copy)fil- alJEtl-^. 27111- ul o.^>w) _ ^ *v^(inverse function ) (1 Bl ) 21 ^]^^ :^]^ 
ol^^ ^ Al^V-iDflo] oflai Ai^7> ^^^4. oleitb ^ ^IS. i^i ^SKZero Forcin 

g Equalization) ^ :^>^(Least Mean Square)(" LMS" ) A]>i^E-oj]A-l ^*1^. ^-l^?}- 3E.iH1?Io11a-1 

<a 24*1-7)1 ^A^^ 4. oii4 4s. aj-^s.^ Seflol^ Al^o] 0.^2! ^^-^ i^-^l-i^. ^^-S-=>)1. ^ 

^ -S-^(spectral inverse response)* ^11^ Sfi^* ii^>el-7l -^Isfl 7^1 a>^ ^ 014 3t:l-S-<^l. oleltb ^ 
^Bl ^ 7>f^-i-( filter tap weights)©! ^-f-^ 4^ SlS-^ ^I^V-StHI"?] 5.^^^ sl*^?^ ^S€^.' 



^Sl-oflA^, oj^sfolx^^, " CI40IX" oj) ^>cgs)fe, Ai:^o^ ol^ge^-ol^^loi ^^A>olo^ 

7-l-ol°ll 7l^s>c.l oflal Al :^:tAl7l^ t}-^. 4^ ^s. c].^, ol^el-olx^ :gElfe AflS..|. ^^s>ji, :g;=g rqul-o] a-- 
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^^d 7}^^^ si Til ti^slSifexll- 

f^cfl^V *l-o]fe ^^^^ £-^7> E^ijol^ AlJ:^ ^Ol^. 



oil si ^IcH S"^^ <a«>^^S 271121 ^2. nnSL^^^ slfe'Hl, a'^Cconvoluiional codin 

g) ^ 1:^ S^(BlJ£-#S.$ ^ Ss^lo] (Reed-Solomon and Golay coding) ^»-*)olcl-. ^^3\ ^o]s. ^M-sj 

s«^si '^'S-^oi " ^ ^v^^^ ^-§-*l-^ 55°!°^, :=L2fl^i -tli^fl ^1 7}v} 

n -t^^ SflA^Sl 7ll>«a'^l5'l7l ifl^ ol-g-^V ^ oj^^ Al^ofl i^V^ o^cf. olei^V ^7]- 

^7}^ o\]^^]^ sjAgsH ^^^^cf. 



^-S-f->^^ -aat-lfe-, t|]olBl7> -g^^jsl^ K-^Eflol^l A]aE i%v^vc}. ^ Kfe S^Sl " o^;Hl ^oKco 

nstraint length)" ^ Ir^^f. ^IHS S= cf%v^§(code polynomials)^^ nl-e}- i^l-'S^t!: 

^^^14. ^ M]^^-§r 3.^ i\]o]^d\] 4ef ^^€4. SS. S^lojE^ ^^S^i a^^c}. 1/2 sflol 

Sfe ys^aS #^ *>i4* -IS^J^VS.^ £l-^-2(modulo-2)^ ^^-tV^^^, XOR <^^o] :5i^^nf). o^]^ 

l-c>l, ^^ttl-K = 3, 1/2 aflols tl^clfe S-^Bflol^^l ^l^e eflxl 1 ^ ^1 3 alHl-i- S-l- 

S.-2-'§-tl-%^-2.^-^ ^ ^-^^t ^ Si^, S.^ 371)21 HlEs.^ £l-S-2--&-il-#^S.'M} til-# HlE^ ^ 



31* oil- 7i-;^^#-i- ^tg^i-31, -y^'S^ -iiJic^^* i%'-)2^ ai5i*vo.^>«i s^^^n} c| 

5lDl^ JlBlSl-fe Z| 7l-^^o)l c)!^ " ^^.(metric)" 1- S^^^ltli^. " clsc-l7> cfl-g-*!-^ 7}^^<:^]^^ 2^:^ 

-tlsl^ofl rfl-g-^V^ ^^m°l^. i^SC-l^ 3}1 £fe 1^1^ ^ Si 0.1^, ^ ^V«iol] §1-140^ 7H afe 7Mi-i: ^ 

1-^ oj^^* s-g^^A:!^ ^^^21 t\x\2\ ^v^^^ ^1-^^^ i^scll-^ = H I'gCsoft decision)" 

-g-o)s>7ll "^l-S-l-^ Sicf. " ^iJi^, cj-^^l *}i42l 7>^^* " :^:^t!-" Al«i*>^ 3Jii^ 

fe. ^S-i-oll clltV :e.-S-*>^ -i-^* ^^^^^ AS. Slnl^cl-. j2l.3E.*>7ll oilS.Ai. -a-l-ol 

^:£o]lA^ " 1" o]oqoi 80 %2\ 7\^^^^, " 0" olsjni c+xl 20 %2l 7l^» 7M£^ cl^D^ofl sfl " 
sfS. l=g(hard decision)" ^l-^^l 3. -^-i-oll tt^'l- ^J^li^. ::ieli-|-, " ^, nf^ *1-H.' 

?)lo1 cf^^H^ol Alslsofl 7li5:H cl-^ 1^** *l-g-*]-7l ^«il, 0.8Sl'?jt SEfe, ^^^S] 'l-icH] dl-i- 

5>fe ol-°>£. 'H^ cf-a- ?]l* 5Jolcf. 

1-^ c-l e cflolEl 141. d ^ ^, alri^H «^l2ll-(burst errors)* C"! ^ ^^fe 

£ (lOO)oflAi -a^^-e-S a>^1€. sfl^ S'a^ f-^a-^?] cl^l^ ^-^1710^ c^lA] 
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n^^y](lOO)^ ^ 1-71 (demodulation and sync componentXllO)* S.^'-sH. o]^^ T^-tl^ °> 
x\s.M: 1^^]^ s11-5^A^ ^-il^KlOOfe «e1-ol ^ ( 120). iflY clSD|(inner decoder). 

cl-olB]ela1(de-interleaver){140) ^, S-l-?- ( 150)1- S^v^^i^ uj^^. ^tg o. o.^ -f-^^-^^S. 

^^•^^ a^olc^. o. .s.AV^^ o.s.^ .as. ^xg^ cfl^^- S^oln}. ^^^.a^^ ^ 

SL^Sr ol-8-^7l ^ii^A.^ 



£ 2^ £ lofl v]^]^ ^^7l(i00)°fl ol-§-^fe «}s]-^^€r o]^^o]^Ul20)3] ^^o]^:]._ %-^^^o_^. o]^ 

5l-ol^i(120)fe ^flcH7l(228). -S-^V -g-^ (" FIR" )(222), cl«]-ol>;(226) ^, 3^J=«-n ^e^o] x-^ (•■ 

DFE" )(224)* FIR «El(222)^ <?J^ ^i(221)» =^^-tl^>t:f. FIR ^^1(222)^ = e) --il>iSlr, ^. ^ 

i^5>^ <il-:m3r>feiHl oj-S-^i^. 1^ iil«]-ol>r(226)fe- <a^** ^-^V*}^. <3^<H1a-1o^ 

FIR (222)5.^^1 -tl:£ (residual signaDl- ^i-^mfeiHl ol-g-^c)-. 



I'S ^«>°1^(226)fe- l-'g-^AS #2}-ol^i(slicer)2l- §^ s}.^ 1;^^ xzlyVol^olcl-. oJl#l-ol, SVSB -^-l^^oflA^, ^ 
eV-^l^i^ ± 1, +3, ±5 ±7^1 ^^sfe <3^* ^^«>7l 0, +2, ±4 ^. 

QAM" ) Al^Efls-oii ol-g-^ :^vo._ t^^-T^M'^ ^ Sll^. 

^lH7l(228)fe cl]olE-l ^ #^ cllolBll- =^-Al5>^, FIR ^El(222) ^ 3il^a4 ^El(224)oll cflth ^B] ^^1^ 

^^^S^l^i^-. ::i ^°M1 ^>l--a-, LMS ^ RLS <a:aiBll'l-* 3L^s>fe. oi^ Tfl^-i-* ^^.S^l^l^ci] 



i 3* £ 2o|l £.Al^ ol€Bl-o]7^(120)£l <a ^A1<^1£J cfs. ^Ml^-i-* o^lAlt!-c^-. 2i = tij) ol^ei.olx-l(224)^_^ 
■a^^ ^el-ol^^^l- claVol^(226)S.^El #^^T=f. oj^ cflolelfe ^lo^^ (F+M) ^^l^l^l-i-oln^ , ci|7lA-l 

Ffe FIR «Bl(222)i^2l i^lolxll-o^ ^s\. M-& 1^ 3lS.«fl ol€s}-ol^-l(224)vfl2l ^Eflol ;^is. o| ^ 

■asVcf. zi-z^-o] xl<go)lA-l. c-ilolEl^ ^H7l(228)°ll sltil ^ ;^l^*ofl 9ny^]JL, zVzv^ FIR m^ 

(222)sl »^ o.^.^g(l?!cl.. izcf^ofl, ol^5^.olz-l(i20)fe cflolE]* e^ej^ nl3cl(350)^ ^^^^l ^icf. ofl 

^cl^(310)fe #e^olAi(226)5-Sl '^^^-ir ^i-L>«-AS.^ ^^^<§€cf. 'Hlel aij: (310)^ ^ ^1^-i-* ^S-tls} 

ol^£l7l Al-ol2:(step size)(320)<i s]^ ^sfl:5lcf. f-^^-^l o.^, a\o]2. (320)^. ofl -^1^71- 

^S^l-^ A>ol^7> c-1 n]^ d ?iHl^^(convergence)» 5| sfd 

o]^5l-ol^^(120)7V 9]B\^ ^ 4i 2:^*(transient conditions)* cl ^ :^ tfl nf. 



S 4^ £ soil :£Al^ ^j^^ 33lcBjj ol^ei.olx-l(224)sl- ^^^1 o]-g-§l-7Hl aj^th, (400)oll -etiVai o.^ ^^]^, H^e) 
^ ?lsc-l^ -a^Alo^lsl cf^ 4MI-¥-i-* S^ltFcf. H^e)^ ^ST:-l(400)fe 8VSB ^^^1^ <asc-l, ^el^ul ^ ^ 
-S- °^3lolcf. ^o>oil ^^£1 x>l-oi] oisfl ^vg^^ a>2^^^ol, 8VSB S^el^i ^SC-1(400)^ 8-Bll>g, 3-u1e.'i 
«11<S (constellation)* °l-g-?!-cl-. i 4^^El oj-^Slfe a>sl-^ol, 8VSB H^el>: °l^cl(400)fe 2/3 aflol e s 



f-Aj-^ o.^ /E^el^- clsc-l(350)fe 8VSB e^ei^; o1^Dl(400)°fl slsfl -tiJil- cls^si-3L-s- ajEiu] 

^^^■k °]-%-^^. i^scl(350)^ lit-^sl ^^ol^l=., tfl:?.* 16 2£fe 24Sl ^iBflol^ls.^ 

^cf. clS^S #^(229)fe- cl-olEle^Bl(i40)ofl sl*H cloiElsla^j;!, ntzf^ofl iz]". c^sc^dso)^ 
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S. 5^. (500)°!]^^ "yaV^ o.H_ ^M^, n7fls1 ^bIIoI;^]:!.^ 7}:^ 8VSB SS-ofl i^ltb -f-^^?! ^^^^ S.^ 

°]^. c-1 ^;Q12^ A-la>olu. :§S.(survive path)* ^^l^l^c^-. nAs\ 4o1#o1]aJ. Afl^ J Ai.g.o. 

cl^c^S. Aittfolu. ^S^^^. VSB '^l:^^'^]^^ 214^1 3>^-2^ ^11:* 53 

°1 «>l«fl€ ?3°1^, tl-^ QAM afe iH-S-QAM >^l^^*<H]Ai, zV2|o] abs.o. gjflsl ^yi-l-g- i%vs|.^t-i]. I 

^fe ^"^l^f. ^^fe S^^o] ^^1^1 142} t:!^^ S^^11rii<Hl 7]2:«H ^ Slcffe- ^o] 

°1*H-1 5^°]^. ^efl^i ^ial-ol w. ^ -S-t Al^l-o.^^Bl cf^ o]« -g^ a)^o.^ ^<y^ ^o] o}^ ^ ojtf 



£ 6€- ^3.^ ^Jiell^^ 7)-^ S^e^^ c^^c-^l- oj-g-^H t^s^g olje^ eflolSt :£Ai^Vcf. TEfla 

S-^^i ^ safe «>sq-^<^l, ^]^^o] oj;qi2jto1s> ^, oi;^l2j. 0^:5). ^oflAi :f.3|-^v n))_ oflE^ eflo]E^ c^^Tgol^ioi) t\ 



* ^o^^VslJi. zic}^oil ^^1 AVol^(320)S ^V^a-*] zirf^oii, ^^^^ oilai Al:5:(stepped er 

ror signaOfe FIR ^£^(222) ^ DFE(224)S.Sl <a^6)l oI^hJ-oIts] ^s.^ 7|a1*>£^ 

'i}-7ll-(accumulators)(710)^- ^^^r^-. oleit!-<^l2^ ^:£fe ^ € cilo)Ei Bfl'gAl-olo^^sl- 

1- iSttVx^. cllojE^ E)]^ol ^^oll ^4.^ zio]^ ^^o\] cfi^s^M ea-* oflEi A1^^ ^^^^§}-7ll 

^M* Bfl^l^^ ^o]z^, sal ?l:ol 4.2SA-1 ^Aijgc^-^^ t^efol^ife -0.8^1 oiie^a). ^V;^)] 4 2* 55 

^V^.^v ^^ojcf. o];^ o.o| oflH^^ ^^1^ +1.2olT^. nff'^^^-1el(niultipathing)4 ^fl^Sfl^l- S^^>7l 

oIlES o1-§-*l-fe. FIR 1E-1(222) ^ DFE(224)fe n ofle^* ^i^a]^ ^o]t:^. 



S. 3oflAi o^v ^ 01- H)-a]-^vo], 3.2}] 7l#o1]Ai DFE(224)fe B.^^]^ else] (350)5^6] s.^:^^^ ^ 
*2fol^-1(226)fe iq^t:-1(350)3l «ofl sicfCzil-AHofl DFE(224)» 7>^lJl). ojE^t!- Hfl<i^V&^W 

^^^■^ ^^fe4. °l^e}olxK224)fe ^^(un-decoded signal)^ ^^-^l 

EflolEs. 5l-^t:i.. (226)S.a] aIj^x^o^ ofl ellole^ ?1tH^>fe 53* - 

°fle1 eJlol:E7l- ^cf^ ^^is cf°lw1^i^i(divergence)l- <a^« ^ 9X^. 0)53^ ^5}o]Ai7]- 

^■Jo]B^. o^7lA.1 o1]el^ ^31-^ Jjojcf. ol^efol?5^o^ 0IS.0. ^oflo^Sfl Ajsl-Tll ^oicf 



^vi^ol *>fe 7]^^ Ji^^q 

^ 1 -^AHl o]^s}o]7;\^^ ^^s]^ clsc-l, BlBl^i ^3.ri\s] ^^d\] Tg3i| ^ #^6i] 05:^^ 

16711^4 ^1-^ ^v- ol^E^olx-ll- S^V^V4. ^s. zvz^o. 3^21^ nlsWsl I67llfil >^E]loV;*t* 

^ AiSCl-^ ^Bflol^l^^-Elol 01a O.^A-1 -^Althi:+. 
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°«3]o^ f Soil <ai€, 16711^4 ^^fe, 33^:£BH ol^e}.o];5]§ ^1-^ 1671) 21-^^ hIeIhI 

^1 3 -aAjoJl 01^5^0];^^. l67^|fi^ ^bDoI;.!^^ alE^a] cl^c], alEja] Trls^o] ^^ofl o^:^^ n^u) ^ 

^1 5 -^Alo^l olle^ol^ife. FIR ^El, FIR ^E^ofl S^e|:ii qsc-l ^. igal^ :f.sij]A-1 piR =gBl ^ 



-§-^n :iSo11 o^^, ^ ^Vi^o^ ^o^o^ ^]^>ol o^SS^xl «--g-^ o^V ^ ^o]si ^ «vi^oii -^l-^l^ 



£ 8^ (decision feedback equalizer)(850)7> S^e^i t^Isd] (trellis decoder)(350)5 

■¥-El 'a^-i: ^-a*]-^ c^^^ ^^1- ol-g-^rl-^, (800)^^ ^ ^i^o,] tr}-= i ^^d\]s] o]^e:^o]7'^M. 

el#(Viterbi algorithm)* o]-g-^Vcf. ^^^^ c^^c-] #^(803)* ^^2](810)1- 9^ ol^e^ol (850)^1 °g 
^€^1-. -^21(810)^ efl>i»<H) tflsi) S^^l^ 1^^^1(350)21 #^(803)* ?J ^n^^^^ 

8VSB011A-1 'gsEiCSlOfe ±1, ±3, ±5 ^ ±731 a]^ B^j^s-ofl rfl.^ ^AS. nl^c-1(350)°l 

1-^(803)* ^ A^^ioj^^Vc^ ^Aloili-ofl o;iolA^, s^el^ c1sc-l(350)^ 167flsl ^Eflol^H-^ ^Vj^ 

^-«Jj 01^^1-01^^(850)^ M71121 ^1:* 2V^r^^ ^^^7] ^AHU-ofl oIoIa^, 17^1^ ^<>,|Ai ^^7>x1 ^^"^ 

= ai ol ^51-01 x-1 (850)^ €1-21 ?1 5il^«fl ol^ei-oi7l(224)a^ ^^1- ^J-^lnV ^^71 ^^6\] cflev cisa^ 

S^el^ i^sc-joi i6«i^ iEflol^i^.^Bl nj^ ^ ^?11^%€ 1^*8 ^oflAi i6«]*|| DFE(850)'^ 

!^fl^ ^lElrf: Cl^Cl(350)Sl IV]^ iEflolxHlA-l IGBl^fl >.Ell ol ^1 ^7Vxl .nj^ ^ Ai?il<a^Sl # ( 803 ) ol cf 

£ SoflAi o^v - oi-o], zvzvo^ 01^ ^^011 cisflA^. A^uMa ^^.(survive path)(£ 8oll «l^ol ^ ^^S.^) 
A ^^m^. 1 iE|]ol^]oi]A-l 16 i^]ol^l^7>^io^ DFE(850)o11 tfl^ A-^wyolti. ;g^AVofl ^ ^?il<y^°T:l 



olnj ^Alojl^oi) o^olAi, s«Bl>. ^SDl(350)^ q=?l-oi iEflo];.!!. - oi DFE(850)* M 

^J^* ^^fecl-. oil- ^AHHl ojolAi, 3l^B« ollefolx.l(850)fe (n+l)«l^ ^oflAi ^^f^l^l :£o^*> ^ 

3.1- ^oflAi ^^7M1. DFE(850)ol1 nfl?}- ^^1-^ l^^ ^Bflol^loilAi ^no]xU}x] s^el 

^^flSl Ai«].olu zvzl-o^ og^ Ai^oi] o^sfl d^.^ ^^2lci] 7l^SM - o;i7) nfl^ofl A^ul-ola 

X401 .^M. ^o^oi]^^ t^.* Efoi^^x] ^^^M ^ DFE(850)<^1 tfl^ i^** -fe'-l-^flAi A, 

-i^}^ ^ SI** ^ SI4. olfe. DFE(224)oflAi cl-* ^b||o1^1o1] cfltt <a^ol ol :5}sl >,Eflol;:;ls« ;.]o^ 

€ 43-»ol S^^fl^l-fe f^efl 7l#o^ DFE*(224)4 i=1-^cf. 
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#^(slicer output) ^.^-^b^ "^^^-i- ^^^^'-o.^'^ =L ^^-H], a>o1^ 

(320)5. ^ l^** FIR €^(222) ^ DFE(224)ofl cfltl- "^^.2.^ ^I^^V 



711. °l€e1-°l^-1 S 8°11 £A]^ .g3E.^ ^5A^€>:+. ^^(raw error signal)^ °llei ^ 

'd7l(860)°fl sl«fl E^eli tqsci(350)2; ^ i?]]^^^ #^(229) ».S.^El Sle)i t^lsi:-! (350)ofl cfl^ ^ 

=L ^^fe i2^j€ °112:1 A}^^ (,g3g ^ iJll-a^^ #^(229)0-5.^Bl ^^■^^) ^>-A}7l(860)<Hl 

slSi^ S^el^i r^stz-^oii rflsv ■i-<at!- ^'i}-€4. S^eli t^^s^ioll ^1-01^(320)01] 

slsfl ^A}^ o)lel A] j^(860)« 'S'H^ ^>ol€-l-^ ■f-'S*]- i^a] x|o55)olo>-g.^ ^^^i::]-. t^-%-<^], ZL S 

^fe ^1:^ ^S-ils)-?! ¥'i}:7ll-(820)oll ^^^cf. 



o]x^ -^AHlS-ofl ololAi, oflEi A]:^^ S^eli 1^5lC-l(350)2l >^Ellolxll- ^ ^rl-ul-Sl i^Jg ^^H'g^^ ^^(. 

S03)^S.^^ S^eli clsi:-l(350)°11 cfl?}-oi^oi ^]^^ ^J-it^i-^^**! <^<H^cl-. 



cilr-i: $>fecf^ ^Sr o]^-^ ^o]z\(^^7] Aj^^uj o. -^5^^ ?lscll-* 127)1 A>.g.^cl.). ^f-^V^j o.^. ^e^tV a] 

F_^5l^ S£ >HlizidEtil o]ElE^«J( trellis code intrasegment interleaving) lJ-^ol Af-g-^cl-. o] ^ 
^ t!eiBl«-€ i=l)°lel -a-a-l- (interleaved data symbols)^. ^^e>^ ifl-i-*!-^ f-'Stl- 7ll=^^sl H^^tri ol^cH- ^ 
F.elsc-ll-^ A>.g-t!-cl-. i27ll£l >f =J ^Isc-ll-^ A>^§l.fe Al^ejoflAi, ^o]^ ^iBleiaj^, 0^-5^, 12^^. 
24^'^ ... 43-3-** ^1 1 ola^s>ji, i^^, 13^*9, 25^?*l| ... ^ai-** ^l2nl-o.^ tlS^^H, 2^*fl. 

U^^, 26^^ ... ^13^1-1-0.5. :^l#SilA-l 014 «j-Ai o.^ ^ 127flsl cfltfl 



S. 4011 5.Al^ a>sl- 3^ ( mapper )» ^1^*1-^, £^ ^S. dOO^.^. JEa]^, H^^l^ SL^ 

?.S]3.T>\ ^Sl^m^ ?]Bl5l«ll- SAl^cf. y>olE olElel«l(3Efe 'SeII-^a-I )(9io).S.-^El S^el^ °lSCl ^ S.S] 
3.t] (920)5- Hl-olES.(bytes)ol ^l^Slc^, o] H>olHl-^: 1271)31 °1SC-1(920) ^l-Z^Hl fil«fl ^^fl H>o1es.^;^.^ g;] 

^\-°]^^ ^'U '?1Si::-1(920)oilA-l 47)lsl ^l-** A^A^sVcf. o]^ aMH** i:^'aEll-?2!A^(930)oflA^ 
°i alS o.^ £^ 8VSB ^^7lfe S. lO^fl 3Ea1^ bI-SI- :^ol, i2ttl?4| -^-l-i-^ 44 ^-tl*> 

12711S1 Ml5l>i t^^ic-ll-^ ^^s. A>-g.t)-4. ^o^7l tilH o. ^El#a!Ai(ioiO)°ll s] sfl c^-a] ojelel a.£lo^ 

clst;-ll-(.i020)^ ZL^ cf^ cl'aEll-aiA-l(1030)°ll sl«rli hIh <=>]^^^^. 



£ DFE(850) ^ H^el>; clSC-l(350)oll cfi^V ^J^^tb ^^l^fl £a15>tj^ Aj-7) i:1^d1(350)^ 1 

27flSl E^eli 7Md^, 4401 TZ^SDll-^ s.^ ^:^(1100).2-^ ^^21 o.^ £.Al^ a>s). 

^^ol 167l)ol cls^ ^tflolxll-4 4^i:l-(rl-s. 7l]^oi e^bI^^ clsc-l-f-ol Af-g-^ ^Jji. uf^ 7,1^01 
°141-* JElel^i clsc-ll:ol Al-g-% ^£ oijii, 2fe 1- t:1- -^-olt!- 7]1^7> A]-^^ ojt^^ o]^^ y^o] 

Cf). sl-l4Sl 'gEll-aiAi?} 16 Cl'gEll-e^A-ls.o) e^lltl-Cl-. ^T-7l -aell-^A^ ^ '^'^Bll-aiA-ls.o^ 

^^Ife QoflA-i 115. ois-^iji s.^§].o^ «>tii^ 00.5. ol^t!-Ti|-. ^eii-siiA-ife cjsc-i o<^l -t-^ 

Ul^Eli-^A^ ClSC-1 Oofl ^^£lJI, 0121- ^ol 7ll^*|lAi ^^^Cl-. >lEflol^llS SAlSlJl, ^Efl o] x] 25. S A] E] 

ji. riiBfloi^lieo.^ s.^^, °]^^°]^U224)'^] cHtl- ^i-7i Ti|^Ei#^A-i ^^o^s. 

^sfl^i:}. zieflA-l. s.^ cl^El^^Ai^ol clSDl(3)oll ^^3^^. -i-ol, ^V7l o] * ej-o] (224 ) 

°11 cflt> ^1] SH^el^ "^SC-l. cls^ iiiEilol;;^!!.! ^fl;^! l6o.S.^El ^Sfl^Slcf. S^ofl ^a]^ B>fil- ^o]. 44 
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■yi- l/12)ofl ^-¥-S.S, l^^^*S?Aife Zl 1-^^ 127flSl C^SC-ll- *]-l4oflAi #l^Cf. 



£ 12^ £^ -^-s. (1200)0.^ K^]^ H}2]- ^o], i27l]al ^3.^19: ^ 167fl2^ t^s^ itl) 

ol^-l** DFE(850)°11^i2l iq^^ Hfl^]!- SAl^c^.. zieflAi, DFE(850)fe 1927llsl ^-f-Ctaps) 

^4. ^<^S. 1927fls1 >9-l-#s^ :*1<S^ ^^1^. 1927fls^ x]^ :di;^>-i-ol|fe, # 16711S1 «|H*(1210)ol #;»fl 

tVn}. z|zVo^ 127fl2^ Ai-a- xl<g i;^>=-, £^ I27lls1 ^l-^- ^^^c^. '^Sa.(^1<S ±7.} 0)^]^^s:\ rh;^Hl 

o]s\. ^o] ?1^*H ^116 HSfi(^l<^ 180)<^l>Hs1 ^fll 4i;^H cfl^ ^^o] >a-7l H^e)^ 



12-^ = oj^e^ol^-js-o^ ^2,^ ^^ferf^ olsfl^v ^0114. ziEflAi. 7fl2 ^ofl^i^^El ;5lli2 ^y?} 

tflt!" <a^-«: ol^Sl ^:g:oll i:fl^ ^olx]n>_ 5^ qc]] ^a]^ aj-s^. ^o] 14]!-"}.^ ^l<?!€cf. =1%^]"^, ^<Hl 



€ ol«fl^ 3J°1i=f. 16711^1 <;1st:-11- ^ c^stH** ^qcan o]^e|.olx^_ 

El^eflA^ Afo]o11 167fl2^ ol^^il-ol ^^fl^btq-^ "i-^, 'Stl^^-^il- ^ ^ 'i Ell" ^ lr€- -S.-^ 

12 1 cflAi^ll 16 nfl lol ^ 53014. i=>€-7l-:^l^, ^ ^^1 167flS] ^ clSt:-ll-( ^ 16 t:fl 1 'fiElt^Ai ^ 

cl^^*^^-1«-)°l *7ll%v £ iioi] iA]^ t:fs. 5jolc^.. c^s^ i 12 ^ £ 13°11 Sa]^ 1 

927fl cflAl^ll 2567fl 7lJ:*o^ ;^]<ai- ^^-^t:!-. l ^3.^ :k]<^ "Sel^H* 0 IS* ^-il^^ ^Sjolji. 2 «5fi^ 



St!-. ^^^^1 3l^«fl ol^e}olxl7> # H^elrii r]3.x<\ iqs^ ^oKtrellis decoder decoding length) 

icf Dl ^1-^ 7}^ ^ 9X^^ -a^* ^"Ic^.. <:^]^tfl, s^elri clMcl7l- I27flsl 91^t-^^ ^ c^sc-l 
ft4 1671121 c]^^ ^-Eflolxl^i.^ 7>xl^A^, ol€el-ol7;-l7> 967l]2l ^1-^ ^^^14^, = 

ol^ife ^ 87112] S^eli >iEilol;^ls.^«El -g^SlJi rt?11<a%€ #1%^ ^ Si^l-. # 9671)21 xl<^ 

■iel^S*cl jjoicf. o)]E^ Ai:^^ ^^I'sl cl^i'^ ^^]]o]^]2] ^i^s\3i :i?11<y^^ o.s^E-1 °cf5:*>7il ^i^i 

€4. 



t^cH] 4^ ol ^ 21-0] oil A^o^ ofle^ A|:^7} X]^^^ ^Ai§H^^ ^ o. olAl^ 5i°ll^. <=^lHi Al^7> 8 VSB A]^ 

^S°11^i 167fl2l rq^^ >it11o1^1s. :^oi] ^A|£j^^ ^M^, :^]<^-&, :£ 11 ^ £ 12o11 ^a]^ yj-a} :a-o], I927l)2l 7IJ: 
■i-olcl-. 10.76 MHz2l 71J: ellolE(symbol rate)^, ^]<a-g- 17.8 ;^s°lcl-. «1= 200 Hz, £fe 5ms2l ^cfl s))^ s})^ 

5l)o1 E (njaximum channel distortion varying rate)2l- h1si*1-o^, <Hls1 -i^S.^] ^a^oi]a-^21 X1<3^ n})-^ ^cf, 
e|Ai ofle^ Ai^ ^^A5'>1)Ai2l ^1o^^ ^^^o^^^ ^3^*>fe 4fi^<Hi 7lol^v -^*t| ?ia1^^(harm convergence)^ 
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S-S^l «ie1 ^S-^ c-l °J:<d cl^^ ^b1]o] xll-(earlier decoding stages)"!]^-! ^-^S^ sZi^. ^1 SJ-ii riii:|o] 

'•1*^ u}x]=v c^^Ig ^Ellol^l^i:^. c-1 oi]frl ^o]m^ ^Vji, o]^ c}.^] d\]^ ^^^oflA-^ x]^^ #o] 

feci) nfl a>^ajs].i:f. jne^^. cla^ ^i^^flol^ll-^ -2.^1^ ^^th ^fe^. ^5]°^. oj] 

titfl H^Bliii i^sc-lofl cfl^ ^^o] -te1-ol>a^ <0 J:(siiced signal)?! ^l^,^ ^oj) o^:^3] 711a1€ c^S^ 5J 



£ 14fe (1400)011-^1 <a«1:^ M-Eful-^^ ^.^^^ofl] tt).^ <y:.§-^v ^^.]<^] ol^el.o]^^s. o^jAl^Vcf. zi^J*. -^efls] d\] 
/>ol2, (320)ofl o^sfl -.A).^ :^o]] ^j4.7> E^el^ c^ac] (350)o11 rfltb <iJ^s] ^]<a€ 

31 #^(229)<H] s]SJl ^-a-S"^. 

£ 15fe 12711S1 ciscil- ^ I67flfi1 clS'g iEflo]^]^^ >^l5il*]-Ji, £ 14ot| £A]^ ^ 

7> °jaja_t:^^ ^^i3^ E^el^ 5^^0^(350)31 %^6\] ^^k^ ^]9]^}SL SL 13<Hl 

F.^elrii cl^c1(350)sl #^(229)ol ^a]^ aI^o)] c] 7Ki-7,| cfl-§-s:>7l nfl^ofl, ^s.o^ ^J^^>7ll 7gAl:gi:|. 
ttfel^i, S^el^ clsci(350)2l t:^^^ ol=-°, oi]el 3l = ««^- f-^fl ^^i^slal, a^Ve^elA- c^^c-l (350)2] ^^^o] 
7ll-a^'4. S^s^i clsc-lsl t]SL^^ #^(229)ol =L <Q^ HlH*-g- ?J-7] nfl^ofl cl ^f^tl: *h 



53°lT^. oi^E^-oix-loii tfl^v o^^^. ^^oi E^e^^ clsc-ls] wn^S.^^ ^«flxl 

7l nfl^ofl. Dl ofleH-^r ^^^t:f. S^el^i ^3.xi\2] o^^o\]A^2] t\ o\]^ ^o]^^ o) ^ef^^l ^l ♦ ti\ 

Jl. ZL^o] n-l A]^^] ^f'SlTfl ^Vcf. at!-, S^5l^ ^^C-IS] <a^o1lA-1o] c] oj] 5^ SllolS^. AlJ^ 

Hle]^ t:1:2ci^.^Eio] ol=-ol ^7}t}7] nfl^ofl, ^ i^f^^^S. :a iiS-Jl^S*(post-ghosts)* 47ltVx:f 
^1 1 H^H^^x t]3.^ :tBl]o]^l^«.Bl 14.2.^ ol^-o] stJji, irj-el-A-l. 3i1:£«lj 01^5^.0];^^ 7)\^]^^.^ oj^c]-. 



o] ^ gl^^ ^A^]^. S.^ HlE^Bl tJie]#( standard Viterbi algorithm)* oj-g-*]-^ ^ ^ 

^ ^^^^ i^-t ^ ^0^7] Ai#o)]A.l AV^^)3] o|)Al£jj7 Ai^£]oJxln>_ ^o] c^] A] ^ o] ^;^HlAi tb^^ ^ o] 

E^e]^ c^^cH, H^e]^ c]^cl2l #^ofl ^_ Tgjijoj ^aoj) .g^^ igs.^ jq^B^ oi«e).oi 

(57) ^^2] 
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^T^%1- 1. 

16?\{s\ ^Eflolxli-^ ^ji, qsig^ ^S^J^fe clStH (Viterbi decoder)fi1-, 

^o'-7l "^^^ 3\S.^J» o]^^o]^s.'^^^ 167fl^tl- igs.^ 7}:^ ^7] o]^^o]7.^^ 

2. 

^1 1 SlH^i, 

FIR € ell- t-l i%T-S>fe ol^2^.ol;^-^. 
3. 

^fl 1 Si<H^i, 

-^■7] 'a^€ <?!^^ :t:^^ ol^al.ol3ils.A-1, 167fl:e.t:f ^■er 7>:a >y-7l irls.«« oligej-olTsls. 

^T^^ 5. 

^i^*^ 6. 
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7. 

t^s^^ >!g^^^>fe ^^eli i^sc-Ktrellis decoder)^]-, 

^oi-7l 'a^e »^o)] <a^^ 21s. 16711^4 ^1-^ 3il^«fl ol^el-ol^il- 

l^g 3]H."->i oi^e}oi;5is]. steli i^aclt i^sf-fe- o]^s:\.o]yqs.'^:], 

9. 

-^•7] H^el>i i^^sci^ alEja] clsc^oi^ 

^T^^ 10. 

^1 8 5Z'>1^i, 

^^T^*J-11. 

'^l 10 ^oll oJcHAi, 

12. 

^1 11 Sl«H^i 
13. 
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FIR msi^. 

^^7l "^Sll- -^-7] FIR ^ >a-7] S€e1:i ?lSC-lo)l ^:is)^ = ol^El.ol;qi. i^Sj-ji. 



S.'S 1 



JL 
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